Catecholamine-Induced β2-adrenergic receptor activation mediates desensitization of gastric cancer cells to trastuzumab by upregulating MUC4 expression.
Trastuzumab is currently used for patients with Her2(+) advanced gastric cancer. However, the response rate to trastuzumab among the patients is low. The molecular mechanisms underlying trastuzumab resistance in gastric cancer are unknown. Our in vitro data show that activation of β2-adrenergic receptor (β2-AR) triggered by catecholamine caused "targeting failure" of trastuzumab in gastric cancer cells. The antitumor activities of trastuzumab were significantly impeded by chronic catecholamine stimulation in gastric cancer cells and in the mice bearing human gastric cancer xenografts. Mechanistically, catecholamine induced upregulation of the MUC4 expression at both transcription and protein levels via activating STAT3 and ERK. The effects of catecholamine could be effectively blocked by β2-AR antagonist ICI-118,551, indicating that β2-AR-mediated signaling pathway plays a key role in upregulation of MUC4, which was previously demonstrated to interfere with the recognition and physical binding of trastuzumab to Her2 molecules. Moreover, a significant elevation of the MUC4 level was observed in the xenograft tissues in nude mice chronically treated with isoproterenol. Knockdown of MUC4 restored the binding activities of trastuzumab to Her2-overexpressing gastric cancer cells. In addition, coexpression of β2-AR and MUC4 were observed in gastric cancer tissues. Our data indicated a novel trastuzumab resistance mechanism, by which catecholamine-induced β2-AR activation mediates desensitization of gastric cancer cells to trastuzumab through upregulating the MUC4 expression.